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introduction

There have been efforts to measure the degrading effects of
whole-body vibration (WBV) on crewmembers of rotary-wing
aircraft (Kidd, 1981). The various measurement and analytic
techniques currently in use emphasize different aspects of the
vibration signatures. However, an ideal technique used to
assess the effects of WBV would need to be flexible enough to
describe a great number of vibration signatures as well as
provide a level indicator intended to determine vibration
magnitudes that either present a health risk or act as a
hindrance to normal flight performance. Such a technique also
must indicate flight duration constraints for factors that
include flight mission profiles, crewmember position, and types
of aircraft. This report explores two standards that attempt to
meet these goals, the International Organization of Standards
2631 (ISO 2631) and the Aeronautical Design Standard 27
(ADS-27).

ISO 2631 and ADS-27 present two different methods of
measuring and interpreting the WBV produced by rotary-wing
aircraft. ISO 2631 is a widely used WBV standard that can be
adjusted for vibration measures on both ground vehicles and
rotary-wing aircraft. ISO 2631 accounts for WBV variables
such as intensity, duration, frequency, range and vibration in
all three orthogonal directions (X, Y, Z axis), and relates
these variables to conditions involving crewmember comfort,
performance capabilities, and risk to health. Though it has
been criticized (Oborne, 1983) for a lack of scientific foun-
dation, ISO 2631 has been somewhat effective in quantifying the
WBV levels experienced by the pilot, copilot, and crewmembers
of Army helicopters.

ADS-27, a newer WBV standard developed at the U.S. Army
Aviation Systems Command (AVSCOM), is applicable specifically
to measures of WBV produced by rotary-wing aircraft. ADS-27
quantifies this WBV by obtaining a statistical measure of the
harmonic peaks as seen in the power spectrum of a rotary-wing
aircraft. An adequate comparision of ISO 2631 and ADS-27 would
require that both standards set numeric limits above which the
quantified WBV level produced is said to fail.

The objectives of this study were to determine the
fundamental differences between WBV standards ISO 2631 and
ADS-27 and to explore the usefulness of implementing both
standards in future health hazard assessments (HHA) of Army
rotary-wing aircraft.
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Methods

Data acquisition

WBV signatures were collected from two different Army
helicopter types: the UH-60, a twin-engined four-bladed
system, and the UH-l, a single engine, two-bladed system.
TriaxiAl accelerometers were positioned to transmit vibration
signals from the following six locations: directly on top of
the pilot and copilot seats (referred to as the "seat pad"
locations) (Figure 1), hard-mounted to the underside of the
pilot and copilot seats (referred to as the "seat pan" loca-
tions) (Figure 2), and hard-mounted to the helicopter frame
directly beneath the pilot and copilot seats (referred to as
the "floor" location) (Figure 3). The seat pad triaxial
accelerometers (B & K model 4322*) were mounted in flat,
flexible rubber disks approximately 12 inches in diameter,
taped to that portion of the seat cushion in direct contact
with the pilot or copilot and, therefore, measured vibration
transferred directly from the helicopter seating system to the
pilot or copilot. The seat pad location was specified by ISO
2631. The seat pan triaxial accelerometers (B & K model
4321*) measured the input vibration to the pilot or copilot
seat cushion. Seat pan transducer locations were specitied by
ADS-27. Hard-mounted floor accelerometers (B & K model 4321)
were used to pick up the helicopter frame vibration, or that
vibration considered to be the input to the pilot and copilot
seating systems.

Helicopter vibration signals in the X-, Y-, and Z-axis of
motion are transmitted from the piezoelectric triaxial
accelerometers*, amplified by Kistler model 5041BM01 charge
amplifiers* and recorded on TEAC HR-30 portable analogue
cassette recorders*. The TEAC HR-30 is a 7-channel record-only
device with a frequency response range from 0.5 to 1250 Hz,
limited by a tape recording speed of 4.8 cm/s. These recorders
generate a frequency which compensates for noise in recorded
signals. To allow for a proper signal-to-noise ratio, the
portable recorders were set to an input range of +1 volt.
One of the recorder channels was used as a voice monitor for
documentation. High quality analogue 7-channel cassettes were
used for the vibration data acquisition phase (Figures 4 and 5).

* See manufacturers' list.
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Figure 1. Triaxial accelerometers positioned to transmit
vibration signals from seat pad location.I!1 '

-*z-

Figure 2. Triaxial accelerometers positioned to transmit
vibration signals from seat pan location.
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Figure 3. Triaxial accelerometers positioned to transmit
vibration signals from floor location.

y Accelerometer Placement
77Z-x Data Acquisition

z

x

*Figure 4. Vibration data acquisition diagram.
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Figure 5. Data acquisition system.

Vibration signatures were taken for both the UH-60 and the
UH-l for a modified version of the flight profile shown in
Table 1, provided by ADS-27.

Data analysis

The same recorded WBV signals were played back on a TEAC
model MR-30 14-channel recorder/player* into two different
signal analyzers. A Larson Davis RTA 1/3 octave analyzer* was
used for the ISO 2631 method of vibration analysis, and a
Dynamic signal analyzer* was used for the ADS-27 standard
method for the analysis of vibration (Figure 6).

7
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Table 1

Test conditions for UH-60 and UH-1

Trial Manuver Airspeed Altitude Duration

1 Hover IGE 0.00 5 ft 2 min

2 Hover OGE 0.00 50 ft 2 min

3 Hover, pedal, rt 0.00 50 ft 30 sec

4 Hover, pedal, it 0.00 50 ft 30 sec

5 Forward flt 0.10(Vh) runway 30 sec

6 Forward fit 0.40(Vh) runway 30 sec

7 Rearward flt limit runway 30 sec

8 Left sideward 0.33 V(lim) runway 30 sec

9 Right sideward 0.33 V(lim) runway 30 sec

10 RPM sweep 0.90 Vh .96% 30 sec

11 RPM sweep 0.90 Vh .98% ----- 30 sec

12 RPM sweep 0.90 Vh 1.0% 30 sec

13 Forward flt 0.50 Vh 2 min

14 Forward flt 0.90 Vh 2 min

15 Forward flt 1.00 Vh -2 min

16 Approach flare rapid 70 kias

17 Approach flare slow 35 kias

18 Unmask ----- 5-35 ft- - -

19 Mask ----- 35-5 ft

20 Left turn 15/30 °  -----. 100 ft 2 min

21 Left turn 30/60 °  i00 ft 2 min

22 Right turn 15/300 2 min

23 Right turn 30/60 °  2 min

24 Climb .....

2 5 D e s c e n t .....

26 Vcruise 2 min

27 Vmaximum 2 min

28 Hover IGE 5 ft 2 min

29 Hover OGE 35 ft 2 min

30 Vcruise 2 min

31 Vmaximum 2 min

32 Hover IGE 2 min

33 Hover OGE 2 min

8
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Data Analysis
2 Octave

P~l~aybakAnalyzer
Plavb ack -.-

Recorder1  ADS- 2 7

JSpectrum
Analyzer

Figure 6. Data analysis diagram.

ISO 2631 method of WBV analysis

WBV translated directly to the pilot, copilot, and crew-
members was measured in ters of root mean square acceleration
magnitudes coit.*.d in third-octave bands covering a frequency
range from I to 80 Hz. The Larson Davis 3100 third-octave
analyzer* measureJ the recorded vibration signals and derived
magnitudes for all 20 third-octave bands, all flight condi-
tions, and all 3 or:thogonai axes of motion. The 8-hour fatigue
decreased profL-.eenc- 'FDP) curve was used as a limit "not to
exceed" for the comp rison of the two standards. This 8-hour
FDP Cujr e _7 ; used a ,cttrmi-e acceptable vibration levels
during the 't-A oL Army tactical ground vehicles and rotary-wing
aircraft. "hird-octave )evels tnen were compared to their
correspondng I<'T 2,13i 8-hour FDP curve acceleration limits.
Conditioned WBV -ignatures either fell above or below the
8-hour curve FDP limit yiilding a respective 'unacceptable" or
"acceptabLe" vibration level f_- that particular flight condi-
tion and accelerometer- location. All 20 third-octave measure-
ments for a11 three axes of motion w_- required to fall under
the ISO 2631 3-hour FDP curve limit for that flight condition
and accelerometer location to yield an "acceptable" level of
WBV.
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Figure 8. ISO 2631 8-hour FDP curve limit, longitudinal
and lateral axes.

ADS-27 method of WBV data analysis

The Hewlett-Packard (HP) 3562 dynamic signal analyzer* is
used to obtain a fast fourier transform power spectrum display
of WBV signatures for each of the three orthogonal axes of
motion, accelerometer position, and flight condition (Figures 9
and 10). A power spectrum displays the discrete sinusoid
vibration peaks produced by all types of rotary-wing aircraft.
These discrete frequency peaks, lying within the ADS-27 tar-
geted frequency range (0 to 60 Hz), were used to derive a
statistical matrix of the WBV produced by each flight
condition.
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Figure 9a. UN-60 seat pad power spectrum, X-axis.
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Figure 9b. UF-.60 seat pad power spectrum, Y-axis.
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Figure 9c. UH-60 seat pad power spectrum, Z-axis.
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Figure 10b. UH-1 seat pad power spectrum, Y-axis.
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Figure 10c. UH-1 seat pad power spectrum, Z-axis.
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This matrix, called an "intrusion index," is calculated by
the following process, according to ADS-27: The four largest
acceleration peaks, 60 Hz and below, excluding the first
blade passing frequency (lBP) (acceleration peak produced by
the helicopter's main rotor rpm), for the three normalized
vibration spectra shall be identified, converted to a velocity
measure, and squared. In Figure 11 can be found the normali-
zation curves used to weigh each power spectrum. The 12
resulting squared values then shall be summed and the square
root of that sum calculated (Figure 12). This numeric value is
the intrusion index for that particular flight condition and
accelerometer location. The intrusion index then is compared
to a limit whereby an acceptable or unacceptable rating is
derived.

Longitudinal = 0.0 ips at 5 Hz Lateral = .75 x longitudinal
-0.46 ips at 40 HZ Vertical =0.5 x longitudinal
=0.54 ips at 60 Hz

0.8

Longitudinal
0.6 - T

Lateral

.4Vertial

0.2

I I I I I I

0 10 20 30 40 50 60
Frequency (Hz)

ADS - 27 Normalization Curves

Figure 11. ADS-27 normalization curves.
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Intrusion Index

Square Root Sum Of Squares

•X Y ++ Z
i n 1 n 1 n

Figure 12. Intrusion index equation.

Under ADS-27, flight conditions fall into four regions.
Intrusion index limits are specified for all four regions.

Additionally, ADS-27 uses a limit on the IBP magnitude for
each axis of vibration and flight condition (Table 2). This
IBP limit is used by ADS-27 as a separate criteria. The IBP
limits also vary according to the four flight regions. For
instance, if the IBP magnitude in one of the three axes of
motion exceeds the IBP limit, that flight condition will
receive an "unacceptable" WBV rating.
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Table 2
Intrusion index and lBP frequency limits

for flight regions 1 and 2

Pilot

Flight Intrusion 1BP
Conditions Index (IPS)

Region I 1.2 .15

Region II 3.0 .3

Regions 1 and 2 were the only two regions used for this test
and will, therefore, be defined here according to ADS-27:

"Region 1 consists of all steady flight conditions with load
factors between 0.75 and 1.25 G and airspeeds from hover to
normal cruising velocity and to the maximum rearward and
sideward flight speeds, while operating within the defined
power-on rotor speed limits. Within Region 1 the rotorcraft,
aircrew, and all subsystems and equipment must meet the
operational performance specifications."

"Region 2 consists of all flight conditions and maneuvers
outside of Region 1 which have a duration of greater than 3
seconds. Subsystems and equipment should not incur damage
which would result in a lower service life than required
during exposure to Region 2 vibrations and must meet their
operational performance specifications after exposures of any
duration which might be encountered operationally."

17
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Vibration transmission of seating system

To determine the vibration differences between the seat
cushion and the seat frame, TEAC MR-30 14-channel recorder/
player* and HP 3562A dynamic signal analyzer* were used to
obtain a frequency response between seat pan and seat pad
accelerometer locations. Frequency responses were used to
yield gain and phase differences between input and an output
vibrating elements. The input element was the seat pan and the
output element was the seat pad. The HP 3562A is configured
with channel 1 as the input and channel 2 as the output. Z-axis
frequency responses (Figures 13 and 14) were measured during
each flight condition for both UH-I and UH-60 and plotted on a
dB versus frequency graph at a frequency range of 1-100 Hz
(Figures 9 and 10).

X=5.12 Hz
Ya=2.14557 dB 0
FRED RESP 5Av OOvl Hann Ovl2

5 .0 1i

/0Div A_ _ _ __ _ _ _ __ _ _

JS

GG;

-30.0

0 Hz UH60P PAD/PAN Z-AXIS 100

kigure 13. Frequency response graph, UH-60, between pad and

pan locations, Z-axis. S
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X=6.12 HZ
Ya=6.52377 dB
FREG RESP 5Avg 0%0v1 Hann Ov2

16.0

8.0

/0iv I _

dB

G 

7

G

-48 . 0

0 Hz UH P PAD/PAN Z-AXIS 100

Figure 14. Frequency response graph, UH-l, between pad and
pan locations, Z-axis.

Results

Vibration signatures from profiled flight conditions for
the UH-1 and UH-60 were analyzed using the ADS-27 and the ISO
2631 WBV standards. Table 3, which presents a percent to pass
table of acceptable WBV signatures, was developed for each
helicopter type, flight condition, and accelerometer location
using both ADS-27 and ISO 2631 methods. Table 3 presents the
two ADS-27 criteria: the intrusion index and the lBP. The
first column displays the percentage of acceptable vibration
signatures that have been compared with the intrusion index
criteria alone and the second column displays the acceptance
percentage for vibration signatures that have been assessed
using both the intrusion index and IBP criteria. This combined
criteria is denoted as *IBP. Column 3 displays the acceptance
rate for the ISO 2631 criteria. The "Total" category denotes
the total number percentage of vibration readings taken for
that helicopter type. The "Pan" and "Pad" categories denote
the total vibration readings taken from the seat pans or seat
pads of that aircraft type; similarly, the categories "Co-P"
and "P" deno:e the total vibration readings taken from the
pilot or copilot seating systems (seat pad and seat pan
locations) for that helicopter type.
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Table 3
Percentage of acceptable WBV signatures

--------------------------------------- ------------------------------
UH-1 UH-60

--------------------------------------- ------------------------------
ADS-27 ISO ADS-27 ISO

--------------------------------------- ------------------------------
II lBP II IBP

--------------------------------------- ------------------------------

Total 28% 19.79% 42.71% 61.50% 30.68% 59.10%

Pan 24% 20.83% 31.25% 57.69% 29.54% 50.00%

Pad 32% 18.75% 54.16% 65.38% 31.80% 68.20%

Co-P 12% 10.40% 8.30% 67.30% 29.50% 75.00%

P 44% 29.16% 77.08% 55.76% 31.80% 43.18%

Table 4 displays the average intrusion index for the UH-1
and UH-60 at all accelerometer positions.

Table 4
Average intrusion index

------------------------------------------------------------------I
I Accelerometer Pilot/ Average

Aircraft location copilot intrusion index
----- I---------------I--------- -----------------
UH-60 Pad CP 1.5200

UH-60 Pan CP 1.7440

UH-60 Pad P 1.4132

UH-60 Pan P 1.7900

---------- I--------------- --------- ----------------- I
UH-I Pad CP 2.434

UH-I Pan CP 2.995

UH-I Pad P 1.629

UH-I Pan P 1.932

---------- --------------- I--------- ----------------- I

20



Discussion

When studying the results of Table 3, consideration must be
placed on the accelerometer location specified by each of the
two standards. As previously mentioned, ADS-27 calls for the
accelerometer to be located at the "seat pan," while ISO 2631
defines the "seat pad" as the proper accelerometer location for
capturing WBV signatures. The vibrations that have been
measured from the two specified locations will be of primary
interest, especially when comparing the two standards.

Evaluation of the UH-60 WBV data

Based on the intrusion index and using specified "seat pan"
accelerometer location, 57 percent of the signatures were
judged as acceptable. The acceptability rate was reduced to 29

percent when the intrusion index and the lBP criteria were
combined to form the *IBP category. On the other hand, the
acceptance rate of 68 percent was obtained when UH-60 "seat
pad" vibration data was analyzed according to ISO 2631.

Evaluation of the UH-I WBV data

Using the intrusion index alone as a criterion yielded a 24
percent passing rate. When the intrusion index and the lBP
criterion was used to assess the whole-body signatures, only 20
percent of the signatures were found acceptable. The ISO 2631
acceptance rate was 54 percent.

From this comparison alone, ADS-27 was seen to be the more
stringent standard. Also, it is evident the combined criteria,
*1BP, make ADS-27 the significantly more stringent WBV vibra-
tion standard.

Table 4 indicates the "average" intrusion index for the
UH-60 and the UH-l at the different accelerometer locations.
Two conclusions can be drawn from this table: First, the UH-l
vibrates with a greater force than the UH-60 and second, when
seat pad and seat pan accelerometer vibration data were
analyzed according to intrusion index criterion, seat pan
accelerometer output consistently yielded a greater average
intrusion index.

The lBP portion of the ADS-27 fix WBV acceptability levels
for the lBP passing frequency magnitudes in all three orthog-
onal directions (X-, Y-, Z-axes). IBP frequency magnitudes are
proportional to the mechanical vibration induced by a helicop-
ter's main rotor during normal rotation. Variations of lBP
magnitude variations that occur among similar aircraft may be
due to differences in systems tracking and levels of mainte-

21
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nance. IBP magnitude variations that occur in the same
aircraft may be generated by the differences in flight regimen
and a variety of pilot flight styles. Since the lBP is an
unstable measure of vibration in similar aircraft, and no
correlation has been determined between IBP magnitudes and
intrusion index levels for nearly identical flight conditions,
IBP mneasures should not be used as a guide for indicating the
vibration levels in specific type helicopters. lBP measures
serve to diagnose problems in rotor blade tracking and may
indicate flight conditions with pronounced vibration magnitudes
produced by the IBP frequency. IBP vibration magnitude peaks
are found in that frequency range most sensitive for humans
and, therefore, must not be ignored.

The ADS-27 standard specifies the seat pan as the primary
location for accelerometer placement. The seat pan should not
be considered a direct input of vibration to the pilot or
copilot, for to do so would be to ignore the damping and
amplifying effects of the seat cushsion. The seat pan is the
prefiltered vibration that was transferred from the helicopter
frame through the seat legs to the hard under-portion of the
helicopter seat. Frequency transfer functions between the seat
pan and the seat pad accelerometers indicate that helicopter
frame vibration is amplified and/or attenuated over the fre-
quency range of concern (1-80 Hz). Frequency responses between
the seat pan and the seat pad should be a major consideration
when analyzing input of vibration levels to a pilot.

The ADS-27 is primarily a rotary-wing aircraft design
standard used for the purpose of issuing Requests for Proposal
(RFP) and subsequent procurement specifications. The standard
was modified to measure frame vibration in specific locations
within the helicopter, specifically, vibration near pilot and
crewmember locations. ADS-27 offers a method to quantify
helicopter WBV and may be used to identify areas within the
aircraft that introduce the greatest vibration magnitudes.
ADS-27 derives its WBV numeric value (i.e., the intrusion
indrx) from limitations on helicopter pilot and crewmember
performance while it bypasses the health-related aspects of
WBV.

The ISO 2631 recognizes the various elements (performance,
comfo-t, fatigue, and health) as the essential ingredients in
developing WBV assessment criteria. This standard has been
criticized for the weak basis for the development of its health
hazard criteria. At the time of ISO 2631's development,
research data suggested in order for a human to "endure" longer
exposures to vibrations without injury their levels must
decrease. Furthermore, since the data was limited, extrapola-
tions to longer durations were made using mathematical modeling
and somne fundamental assertions. However, most critics of ISO
263± avoid the health element in their assessment of WBV.
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Although data on vibration-induced injury may be scarce, incon-
clusive, and may be a weak basis for setting exposure limits
for the purpose of making HHAs, the relationship between injury
and WBV has been shown to exist and should be accounted for.

Conclusions

Both the ISO 2631 and ADS-27 have deficiences which are
difficult but not impossible to overcome. ADS-27 is a sta-
tistical measure of mechanically-induced rotary-wing aircraft
vibration. The method is based on the levels of vibration from
the aircraft frame and yields a number value for this vibra-
tion. The ISO also uses vibration from the aircraft, but takes
its level measurement from the man-machine interface location
(i.e., the seat pad). The ADS-27 is derived primarily from
pilot performance data and may be considered as a misplaced
aircraft design standard which was modified to emulate a WBV
standard much like the ISO 2631. When vibration levels are
measured on a pass/fail criteria, the ADS-27 standard becomes
the more stringent standard. But, ADS-27 fails to answer the
important health hazard questions that ISO 2631 attenpts.
Until a more definitive and militarily-relevent WBV standard is
developed, the use of both ISO 2631 and ADS-27 may be a more
complete method of helicopter WBV analysis.
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Appendix

List of equipment manufacturers

Bruel & Kjaer Instruments, Inc.
Forest Street
Marlborough, MA 01752

Hewlett-Packard Company
4700 Bayou Blvd, Suite 5
Pensacola, FL 32505

Kistler-Morse
10201 Willows Road, N.E.
Redmond, WA 98073

Larson Davis Laboratories
280 S. Main Street
Pleasant Grove, UT 84062

Lee Associates
815 Wheeler Avenue
Huntsville, AL 35801

I=== ,,imuneiuininniim i I i K HPm [

I



Initial distribution

Commander Commander
U.S. Army Natick Research U.S. Army Research Institute

and Development Center of Environmental Medicine
ATTN: Documents Librarian Natick, MA 01760
Natick, MA 01760

Naval Submarine Medical U.S. Army Avionics Research
Research Laboratory and Development Activity

Medical Library, Naval Sub Base ATTN: SAVAA-P-TP
Box 900 Fort Monmouth, NJ 07703-5401
Groton, CT 05340

Commander/Director U.S. Army Research and Development
U.S. Army Combat Surveillance Support Activity

& Target Acquisition Lab Fort Monmouth, NJ 07703
ATTN: DELCS-D
Fort Monmouth, NJ 07703-5304

Commander Chief, Benet Weapons Laboratory
10th Medical Laboratory LCWSL, USA ARRADCOM
ATTN: Audiologist ATTN: DRDAR-LCB-TL
APO NEW YORK 09180 Watervliet Arsenal, NY 12189

Commander Commander
Naval Air Development Center Man-Machine Integration System
Biophysics Lab Code 602
ATTN: G. Kydd Naval Air Development Center
Code 60B1 Warminster, PA 18974
Warminster, PA 18974

Naval Air Development Center Commander
Technical Information Division Naval Air Development Center
Technical Support Detachment ATTN: Code 6021 (Mr. Brindle)
Warminster, PA 18974 Warminster, PA 18974

Dr. E. Hendler Commanding Officer
Human Factors Applications, Inc. Naval Medical Research
295 West Street Road and Development Command
Warminster, PA 18974 National Naval Medical Center

Bethesda, MD 20014

Under Secretary of Defense Director
for Research and Engineering Army Audiology and Speech Center

ATTN: Military Assistant Walter Reed Army Medical Center
for Medical and Life Sciences Washington, DC 20307-5001

Washington, DC 20301

26



COL Franklin H. Top, Jr., MD Commander
Walter Reed Army Institute U.S. Army Institute

of Research of Dental Research
Washington, DC 20307-5100 Walter Reed Army Medical Center

Washington, DC 20307-5300

HQ DA (DASG-PSP-0) Naval Air Systems Command
Washington, DC 20310 Technical Air Library 950D

Rm 278, Jefferson Plaza II
Department of the Navy
Washincton, DC 20361

Naval Research Naval Research Laboratory Library
Laboratory Library Shock and Vibration Infor-

Code 1433 mation Center, Code 5804
Washington, DC 20375 Washington, DC 20375

Harry Diamona Laboratories Director
ATTN: Technical Infor- U.S. Army Human Engineer-

mtion Branch ing Laboratory
2800 Powder Mill Road ATTN: Technical Library

4 Adelphi, MD 20783-1197 Aberdeen Proving Ground,
MD 21005-5001

U.S. Army Materiel Systems Commander
Analysis Agency U.S. Army Test

ATTN: Reports Processing and Evaluation Command
Aberdeen proving Ground ATTN: AMSTE-AD-H
MD 21005-5017 Aberdeen Proving Ground,

MD 21005-5055

U.S. Army Ordnance Center Director
and School Library U.S. Army Ballistic

Building 3071 Research Laboratory
Aberdeen Proving Ground, ATTN: DRXBR-OD-ST Tech Reports
MD 21005-5201 Aberdeen Proving Ground,

MD 21005-5066

U.S. Army Environmental Hygiene Commander
Agency Laboratory U.S. Army Medical Research

Building E2100 Institute of Chemical Defense
Aberdeen Proving Ground, ATTN: SGRD-UV-AO
MD 21010 Aberdeen Proving Ground,

MD 21010-5425

Technical Library Commander
Chemical Research U.S. Army Medical Research

and Development Center and Development Command
Aberdeen Proving Ground, ATTN: SGRD-RMS (Ms. Madigan)
MD 21010-5423 Fort Detrick, Frederick, MD 21701
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Commander Commander
U.S. Army Medical Research U.S. Army Medical Bioengineering

Institute of Infectious Diseases Research and Development Lab
Fort Detrick, Frederick, ATTN: SGRD-UBZ-I
MD 21701 Fort Detrick, Frederick,

MD 21701

Director, Biological Defense Technical
Sciences Division Information Center

Office of Naval Research Cameron Station
600 North Quincy Street Alexandria, VA 22313
Arlington, VA 22217

Commander U.S. Army Foreign Science
U.S. Army Materiel Command and Technology Center
ATTN: AMCDE-S (CPT Broadwater) ATTN: MTZ
5001 Eisenhower Avenue 220 7th Street, NE
Alexandria, VA 22333 Charlottesville, VA 22901-5396

Commandant Director,
U.S. Army Aviation Applied Technology Laboratory

Logistics School USARTL-AVSCOM
ATTN: ATSQ-TDN ATTN: Library, Building 401
Fort Eustis, VA 23604 Fort Eustis, VA 23604

U.S. Army Training U.S. Army Training
and Doctrine Command and Doctrine Command

ATTN: ATCD-ZX ATTN: Surgeon
Fort Monroe, VA 23651 Fort Monroe, VA 23651-5000

Structures Laboratory Library Aviation Medicine Clinic
USARTL-AVSCOM TMC #22, SAAF
NASA Langley Research Center Fort Bragg, NC 28305
Mail Stop 266
Hampton, VA 23665

Naval Aerospace Medical U.S. Air Force Armament
Institute Library Development and Test Center

Bldg 1953, Code 102 Eglin Air Force Base, FL 32542
Pensacola, FL 32508

Command Surgeon U.S. Army Missile Command
U.S. Central Command Redstone Scientific
MacDill Air Force Base Information Center
FL 33608 ATTN: Documents Section

Redstone Arsenal, AL 35898-5241

Air University Library U.S. Army Research and Technology
(AUL/LSE) Labortories (AVSCOM)
Maxwell AFB, AL 36112 Propulsion Laboratory MS 302-2

NASA Lewis Research Center
Cleveland, OH 44135
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AFAMRL/HEX U.S. Air Force Institute
Wright-Patterson AFB, OH 45433 of Technology (AFIT/LDEE)

Building 640, Area B
Wright-Patterson AFB, OH 45433

University of Michigan Henry L. Taylor
AZ A Center of Excellence Diroctor Tntitute of Aviation

in Man-Systems Research University of Illinois-
ATTN: R. G. Snyder, Director Willard Airport
Ann Arbor, MI 48109 Savoy, IL 61874

John A. Dellinger, MS, ATP Coamander
University of Illinois- U.S. Army Aviation

Willard Airport Systems Command
Savoy, IL 61874 ATTN: DRSAV-WS

4300 Goodfellow Blvd
St. Louis, MO 63120-1798

Project Officer Commander
Aviation Life Support Equipment U.S. Army Aviation
ATTN: AMCPO-ALSE Systems Command
4300 Goodfellow Blvd. ATTN: SGRD-UAX-AL (MAJ Lacy)
St. Louis, MO 63120-1798 4300 Goodfellow Blvd., Bldg 105

St. Louis, MO 63120

Commander U.S. Army Aviation
U.S. Army Aviation Systems Command

Aviation Systems Command Library and Information
ATTN: DRSAV-ED Center Branch
4300 Goodfellow Blvd ATTN* DRSAV-DIL
St. Louis, MO 63120 4300 Goodfellow Blvd

St. Louis, MO 63120

Commanding Officer Federal Aviation Administration
Naval Biodynamics Laboratory Civil Aeromedical Institute
P.O. Box 24907 CAI4I Library AAC 64D1
New Orleans, LA 70189 P.O. Box 25082

Oklahoma City, OK 73125

U.S. Army Field Artillery School Commander
ATTN: Library U.S. Army Academy
Snow Hall, Room 14 of Health Sciences
Fort Sill, OK 73503 ATTN: Library

Fort Sam Houston, TX 78234

Commander Commander
U.S. Army Health Services Command U.S. Army Institute
ATTN: HSOP-SO of Surgical Research
Fort Sam Houston, TX 78234-6000 ATTN: SGRD-USM (Jan Duke)

Fort Sam Houston, TX 78234-6200
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Director of Professional Services U.S. Air Force School
AFMSC/GSP of Aerospace Medicine
Brooks Air Force Base, TX 78235 Strughold Aeromedical Library

Documents Section, USAFSAM/TSK-4
Brooks Air Force Base, TX 78235

U.S. Army Dugway Proving Ground Dr. Diane Damos
Technical Library Department of Human Factors
3Bldg 5330 ISSM, USC
Dugway, UT 84022 Los Angeles, CA 90089-0021

U.S. Army Yuma Proving Ground U.S. Army White Sands
Technical Library Missile Range
Technical Library Technical Library Division
Yuma, AZ 85364 White Sands Missile Range,

NM 88002

AFFTC Technical Library U.S. Army Aviation Engineering
6520 TESTG/ENXL Flight Activity
Edwards Air Force Base, ATTN: SAVTE-M (Tech Lib)
CAL 93523-5000 Stop 217

Edwards Air Force Base,
CA 93523-5000

Commander U.S. Army Combat Developments
Code 3431 Experimental Center
Naval Weapons Center Technical Information Center
China Lake, CA 93555 Bldg 2925

Fort Ord, CA 93941-5000

Aeromechanics Laboratory Commander
U.S. Army Research Letterman Army Institute

and Technical Labs of Research
Ames Research Center, ATTN: Medical Research Library

M/S 215-1 Presidio of San Francisco,
Moffett Field, CA 94035 CA 94129

Sixth U.S. Army Director
ATTN: SMA Naval Biosciences Laboratory
Presidio of San Francisco, Naval Supply Center, Bldg 844
CA 94129 Oakland, CA 94625

Commander Commander
U.S. Army Aeromedical Center U.S. Army Aviation Center
Fort Rucker, AL 36362 and Fort Rucker

ATTN: ATZQ-CDR
Fort Rucker, AL 36362

Directorate Directorate
of Combat Developments of Training Development

Bldg 507 Bldg 502
Fort Rucker, AL 36362 Fort Rucker, AL 36362
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F Chief Chief

Army Research Institute Human Engineering Laboratory

Field Unit Field Unit

Fort Rucker, AL 36362 Fort Rucker, AL 36362

Commander Commander

U.S. Army Safety Center U.S. Army Aviation Center

Fort Rucker, AL 36362 and Fort Rucker
ATTN: ATZQ-T-ATL
Fort Rucker, AL 36362

U.S. Army Aircraft Development President

Test Activity U.S. Army Aviation Board

ATTN: STEBG-MP-QA Cairns AAF

Cairns AAF Fort Rucker, AL 36362

Fort Rucker, AL 36362
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